according to the journal that you are submitting your paper to) been characterized by multinuclear NMR spectroscopy. In addition, the molecular structures of compounds 5, 6, and 8 have been studied by X-ray diffraction.
Scheme 1 Synthesis of thiaborane starting materials, used in this work
In recent years, we have been developing the organometallic chemistry of the 11-vertex rhodathiaborane [8,8- [29] [30] [31] [32] . The latter combines B-H terminal, B-H-B bridging and M-H sites in its structure, which are quite rarely found in metallaboranes and metallaheteroboranes (the majority incorporates B-H terminal, and B-H-B and M-H-B bridging hydrogen atoms), conferring 2 with a rich reactivity. In this regard, 2 undergoes reversible dehydrogenation to give [1,1-(PPh 3 ) 2 -3-(NC 5 H 5 )-closo-1,2-RhSB 9 H 8 ] (3) and, in conjunction with the reaction of 1 with ethylene, it defines a catalytic cycle that operates in the hydrogenation of alkenes [30, 31] . The mode of action on these 11-vertex rhodathiaboranes is reminiscent of non-innocent-ligand containing complexes that act as catalyst promoters [33] . Thus, the { 4 -SB 9 H 9 (NC 5 H 5 )} and { 6 -SB 9 H 8 (NC 5 H 5 )} fragments in compounds 2 and 3, respectively, may be regarded as ligands that directly participate in the reactions, thereby giving to the system a bifunctional acid / base character, as shown by the heterolytic cleavage of H 2 and its reactivity with Brønsted acids [30, 34] .
Advances in organometallic and inorganometallic reaction chemistry lie [35, 36] , in a large part, on the introduction of ligands capable of bestowing a new reactivity on the transition metal centres.
Similarly, in metallaheteroboranes, the modification of the coordination sphere around the metal centre, in order to tune its reactivity, may be achieved by a variation of the heteroborane fragment itself. Thus, as part of our interest in the search of new metallathiaborane reaction chemistry, we describe reactions of iridium and rhodium carbonyl complexes with [arachno-4-SB 8 H 11 ]¯, which
give H-and CO-ligated 10-vertex clusters that contain a { 3 -SB 8 H 10 } fragment. Additionally, we, report here a new 12-vertex rhodium, iridium bimetallic cluster prepared from the rhodathiaborane 1.
Results and Discussion
The caesium thiadecaborane salt, CsSB 9 H 12 , has proven to be a very useful starting material for the synthesis of new metallathiaboranes [26, [37] [38] [39] [40] [41] . In particular, [8,8- where M = Rh (6) and Ir (7), in good yields of 60 and 61% respectively (Scheme 2, B). These reactions can be described as the oxidative addition the [SB 8 H 11 ]¯ anion to the square planar metal complexes; formally the {M(CO)(PPh 3 ) 2 } + fragment inserts between the BHB bridging hydrogen atom and the {B(6)B(7)B(8} cluster face with the {M(CO)(H)(PPh 3 ) 2 } moiety becoming a new vertex.
Scheme 2 Reactions of thiaboranes with square planar M(I) complexes of Rh and Ir
These new CO-ligated metallathiaboranes, 5, 6 and 7, are characterized by multielement NMR and IR spectroscopies, and mass spectrometry. In addition, the molecular structures of 5 and 6 have been (Tables 1   and 2 ). The major isomer (ca. 88%) exhibits eight BH terminal and two BHB bridging proton signals that conform to the asymmetric structure found in the solid state; whereas the minor isomer shows only three BH-terminal and one BHB-bridging proton resonances, suggesting that the other expected BH t signals overlap with those of the major isomers, as it is also found in the 11 B NMR spectrum.
The existence of a mixture of isomers is further confirmed in the 31 P-{ 1 H} spectrum, which for 6 exhibits two doublets of doublets for the major isomer at  P 13.5 and 28.4 ppm, and a doublet for the minor at 35.3 ppm; whereas for 7, the spectrum shows two singlets for the major isomer at  P 1.0 and [57] . In changing the metal from Pt 2 to Pd 2 , the strength of the bonding of the small molecules to the metal-metal vector weakens as shown by the infrared stretching frequency of the bridging CO, with the trend being well modelled by density functional theory (DFT) calculations as shown in Figure 2 . The system comprises three components: the metal, the ligand, and the boron cluster; each independently tuneable to achieve the desired sensitivity of small molecule uptake and release. DFT calculation at the B3LYP/6-31G*/LANL2DZ level show that, whereas changing the metal from Pt to Pd would weaken the binding, an {IrRhSB 9 H 9 } cluster would increase the binding strength ( Figure 2 ). It was therefore of interest to prepare such a compound and to compare the measured and calculated IR CO stretching frequency. ligand. In the rhodathiaboranes, 9-11, the Rh-Rh distance changes from the values of 2.6307(9) and 2.592(1) Å, found for the Cl-ligated bimetallic clusters, 9 and 11, to the distances of 2.7409(10) and 2.7583(4) Å of the CO-ligated counterparts, 8 and 10, respectively. The -CO-to-{Ir-Rh} linkage in 8 is asymmetric with the C-Ir distance 0.057(4) Å shorter than the corresponding C-Rh length: this may reflect a higher electron density at the iridium centre.
It is noteworthy that in 8, the Rh-P bond distances of the phosphine ligands trans to the sulphur vertex [P(2) and P(4) in Figure 1 ] are shorter than the corresponding Rh-P bond lengths of the PR 3 ligands that lie trans to the B(6) vertex [P(1) and P(3) in Figure 1 ]. This suggests a higher trans influence of a B-H unit vs. a sulphur vertex. This fact has also been observed in 1, and in 11-vertex nido-hydridorhodathiaborane derivatives [29, 31] .
The addition of the calculated and measured IR stretching frequency data of the bridging CO to the plot in Figure 2 [55, 63, 64] , a systematic modification of the metal centers in bimetallic {MM'SB 9 } systems could similarly induce reversibility. There is potential here for these B-frame bimetallics to become catalyst precursors in the activation of small molecules.
Conclusion
The treatment of the 9-vertex anion [arachno-4-SB 8 [57, 63, 64] , the assembly of two metal centres on the {SB 9 H 9 } scaffold could generate systems with a reactivity that may complement the reversible binding of small molecules observed in 12-vertex bimetallic platina-and palladaboranes.
Experimental

General Procedures
Reactions were carried out under an argon atmosphere using standard Schlenk-line techniques.
Solvents were obtained dried from a Solvent Purification System of Innovative Technnology Inc. data were recorded on a MICROFLEX instrument operating in either positive or negative modes, using matrix-assisted laser desorption/ionization (MALDI). A nitrogen laser of 337 nm (photon energy of 3.68 eV) was used for the ionization processes, and the molecules under study were
protected with a matrix of trans-2-[3-(4-tert-butylphenyl)-2-methyl-2-propenylidene]malononitrile
(DCTB). [9,9,9,9- Table 1 , and additional spectroscopic data are reported here: IR(ATR) [9, 9, 9, 
Synthesis of
Synthesis of [9,9,9,9-(CO)(H)(PPh
: ν max /cm -1 2554-2502 s (BH), 2030 s (RhCO), 2010 m (RhCO
Synthesis of
X-ray crystallography
X-ray diffraction data were collected at low temperature (100(2) K) on an automatic Bruker Kappa APEX DUO CCD area detector diffractometer equipped with graphite-monochromated Mo-K radiation ( = 0.71073 Å) using narrow frames (0.3˚ in ) for 6; and on a the BM16 CRG beamline at the ESRF in the case of 5 and 8. In all cases, single crystals were mounted on micro-mount supports and were covered with a protective perfluoropolyether. The structures were solved and refined using the programmes SADABS and SHELXL-97 respectively [68, 69] . The programs ORTEP-3 [70] and PLATON [71] were used to prepare Figures 1 and 3 . Collection and refinement data are shown in Table 3 . 
Calculations
All calculations were performed using the Gaussian 03 package [72] . Structures were initially optimized using standard methods with the STO-3G* basis-sets for C, B, P, S, and H with the LANL2DZ basis-set for the metal atom. The final optimizations, including frequency analyses to confirm the true minima, together with GIAO nuclear-shielding calculations, were performed using B3LYP methodology, with the 6-31G* and LANL2DZ basis-sets. The GIAO nuclear shielding calculations were performed on the final optimized geometries, and computed 11 B shielding values were related to chemical shifts by comparison with the computed value for B 2 H 6 , which was taken to be δ( 11 B) +16.6 ppm relative to the BF 3 (OEt 2 ) = 0.0 ppm standard. Computed carbonyl frequencies are given with a 0.9613 scaling factor [73] .
